Fractionation o f P. polycephalum histones was first reported by Mohberg & Rusch (1969) , who labelled the bands obtained by polyacrylamide-gel electrophoresis in reverse order of their mobilities: bands 1,2a, 2b, 3,4,5,6 . Band 1 probably corresponds to histone H1 in higher eukaryotes because of its high mol.wt. (25000; Jockhusch & Walker, 1974), high lysine content (Mohberg & Rusch, 1969) and growth-associated phosphorylation (Bradbury et al., 1973) . It is shown below that band 1 also behaves like histone H1 on gel filtration and ion-exchange columns. Bands 2a, 2b and 5 are minor components and on high-resolution gel electrophoresis bands 2a and 2b are resolved into five bands (results not shown). The mobilities of these minor bands do not correspond to any of the five major histone classes, HI, H2A, H2B, H3 or H4. Physarum band 6 co-migrates with calf thymus H4 (Mohberg & Rusch, 1969; Bradbury et al., 1973) and shows electrophoretic heterogeneity (Fig. 1) . The scan of the stained gel shows two main bands that co-electrophorese with the two bands of calf histone H4 and several other minor bands. A short pulse-label with [14C]acetate labels the slower bands selectively, and the ratios [14C]acetate/[2H]lysine are proportional to 0, 1.0,2.2 and 2.8 for the four main bands, suggesting that the heterogeneity is due to zero to three acetate groups, as is found in higher eukaryotes. Changes in this pattern through the cell cycle have been studied (Robinson, 1976) .
Preparative fractionation of Physarum histones
Histones were prepared from P. polycephalum microplasmodia by the method of Mohberg & Rusch (1969) then precipitated with acidified acetone, washed and dried. A portion (1Omg) of the precipitate was dissolved in 2ml of 10mhi-HC1/8~-urea and applied to a column of Bio-Gel P60 (100-200 mesh; 3cm diam. x 140cm) which was eluted with I O~M -H C I at a flow rate of 20ml/h. Five peaks were obtained and analysed by polyacrylamide-gel electrophoresis. Co-electrophoresis with total P. polycephalum histone showed the peaks to contain band 1, band 3, band 4 (two bands) and band 6 histones, although only bands 1 and 6 were completely separated. The trailing edge of the fifth peak was enriched in band 5. It remains to be shown whether the apparent resolution of band 4 into two components represents the separation of two proteins. The chromatography resembles that obtained with mammalian histones, especially with respect to band 1 (Hl) and band 6 (H4). The histones from the separated peaks were precipitated with acetone and used for further studies.
Histone H1 microheterogeneity
Histone H1 shows microheterogeneity of sequence in higher eukaryotes (Bustin & Cole, 1968 ) and this can be demonstrated by ion-exchange chromatography on Vol. 5
Amberlite columns eluted with a shallow guanidinium chloride gradient. Fig. 2(a) shows a typical elution profile for calf thymus histone H1. The peak eluted at approx. 8.5 % guanidinium chloride is not histone H1 and may be non-histone proteins. The triplet peak eluted at approx. 9.5 % guanidinium chloride was shown to be histone H 1 by gel electrophoresis. Bustin & Cole (1969) have shown previously that the triplet is due to small sequence differences in two 'variable' regions of the histone H1 molecule.
P. polycephalum microplasmodia were grown in medium in which the phosphate buffer had been replaced by 1 mCi of [32P]P, (carrier-free). After several generations of growth, the microplasmodia were harvested and their histones extracted. Histone HI was purified by gel filtration as described above. The acetone-precipitated histone HI was divided into two batches: one was loaded on to an Amberlite column; the other was incubated with alkaline phosphatase (Balhorn ef a/., 1971) . The column was eluted under the same conditions as when calf thymus histone HI was loaded, and the elution profile is shown in Fig. 2(b) . Fractions eluted at 19, 23 and 25h were analysed by gel electrophoresis and each fraction had the electrophoretic mobility of band I (histone Hl). The results show that P. polycephalum band 1 histone is eluted from Amberlite at the same guanidiniurn chloride concentration (9.5 %) as calf thymus histone HI, confirming the identification of P. polycephalum band I as an HI histone. The P . polycephalum histone HI was not resolved into separate peaks. This is unlikely to be due to poor resolution, since the column resolved calf thymus histone HI well and the broad peak for P . polycephalum histone H1 was reproducible. The large peak width probably 
Fig. 2. Microheterogeneity of histone HI on Amberlite column
Calf thymus and 32P-labelled P . polycephalum histone HI were eluted from an Amberlite column (0.9cmx 15cm) with a 7-12.5 % guanidinium chloride gradient. represents heterogeneity of P. polycephalum histone HI, owing to either modifications or sequence heterogeneity. The jZP profile showed that most of the 32P was eluted with the histone HI fraction, suggesting that the HI histone is extensively modified by phosphorylation or adenosine diphosphoribosylation (ADP-ribose). This was checked by using alkaline phosphatase to remove phosphate groups bound t o serine or threonine, and the elution profile of alkaline phosphatase-treated P. polycephalum H1 histone is shown in Fig. 2(c) . All the 32P has been removed, showing that the 32P label is due to phosphoserine and phosphothreonine and not to ADP-ribose. The absorbance profile after alkaline phosphatase shows some separation into peaks, probably owing t o the removal of phosphate groups whose charges would tend to complicate the elution profile. However, there are still several components showing that P. polycephalum H1
histone is heterogeneous and that a lower eukaryote has HI histone microheterogeneity like higher eukaryotes. With this hybridization method, no homology was detected between the R N A of broad-bean mottle virus and bromegrass mosaic virus (Semal & Kummert, 1971) . W e have now extended this comparison using three members of the tymovirus group, namely TYM* virus, EM virus and APL virus. TYM-virus RNA was labelled by a Abbreviations: TY M virus, turnip yellow-mosaic virus; EM virus, eggplant-mosaic virus; APL virus, andean-potato latent virus; CM virus, cucumber-mosaic virus.
